Abstract: We present observations of Ha and Call resonance lines in 4 stars having Ha features which place them intermediately between the non-(e) and (e) classifications of dK/dM stars. There is considerable variety in the shape of the Ha line, presumably due in part to differences in rotation rates. As expected, the energy fluxes in the Call emission lines lie between those typical of non-(e) and (e) stars. There is some evidence (especially from the binary Gl 876A) that the energy fluxes in the Call and Ha emission lines do not vary from star to star according to a simple proportionality. An intriguing result is the apparent detection of spatially displaced chromospheric emission in Gl 907.1 and Gl 890.
Introduction
Late-type dwarf stars, by far the most abundant class in the Galaxy, can be subdivided according to the presence or otherwise of Ha emission in their spectra. The proportion of stars having Ha emission increases with later spectral type, from about 10% at dMO to 80% at dM5. Because the Ha emission is associated with enhanced X-ray emission, higher flaring rates and photometric variability, it is likely that the dKe/dMe stars differ from the dK/dM stars principally by having a higher level of electrodynamic activity in their atmospheres. However, our understanding of this activity is very limited at present.
The interpretation of the chromospheric lines in dK/dM and dKe/dMe stars has been discussed by Fosbury (1974),-Cram and Mullan (1979) , Giampapa et al. (1981) , Cram and Giampapa (1987) , and Rutten et al. (1988) . Apart from the last paper, these investigations have considered planeparallel, homogeneous models of the stellar chromospheres. These account for the presence or absence of Ha emission principally as a consequence of the chromospheric electron density being respectively larger or smaller than about 10 17 m" 3 . More specifically, the study by Cram and Mullan (1979) considered a sequence of model chromospheres grafted onto a fixed photospheric structure and characterized by increasing levels of chromospheric heating. It was predicted that the Ha line from the pure photosphere would correspond to a very weak (<5 mA) absorption feature. For relatively low levels of chromospheric heating, the theory predicted that Ha would be observed in absorption, since the line source function would be photoelectribally controlled (Thomas 1957) . Only when the heating is sufficient to ionise a substantial volume of chromospheric material would Ha be observed in emission, as the chromospheric optical depth builds up and the line source function becomes collisionally controlled. Stauffer and Hartmann (1986) offered observational evidence in accord with these predictions.
Several authors have noted that, as the Ha line developes through the complex sequence outlined above, the strength of the emission core of the Call resonance lines would be predicted to increase monotonically with increasing heating rate. Stauffer and Hartmann (1986) confirmed observationally the existence of the expected relation between Ha and Call. Cram and Giampapa (1987) presented a quantitative theoretical analysis and further observational support. According to their analysis, differences from star to star in Ha and Call reflect either (or both) (1) differences in the radial distribution of chromospheric heating or (2) differences in the relative area covered by "hot" and "cold" chromospheric material. Extending this idea, Rutten et al. (1988) conjectured that the presence of individual chromospheric magnetic flux tubes plays an essential role in the behaviour of the Ha line.
The studies outlined above have revealed considerable complexity in the behaviour of optical chromospheric lines in the spectra of dK and dM stars. Given the division of the cool dwarfs into the broad (e) and non-(e) classes, it is thus particularly interesting to focus attention on these lines in the small number of stars lying between these two larger classes. The (e) designation has been applied (at least in recent times) to stars having Ha emission equivalent widths in excess of about 5 A, since this is the emission level which is detectable when classifying at objective prism dispersions. In this paper we present observations of the chromospheric Ha and Call H and K lines in 4 stars having Ha emission which places them intermediately between the dM and dMe classes according to this criterion. These objects may help elucidate the line formation processes and the nature of atmospheric heating in late-type dwarfs, and specifically shed light on the physical origin of the difference between (e) and (non-e) classes. Figure 1 exhibits high resolution, high signal-to-noise (S/N) spectra of Ha and the Call H and K lines in four stars, chosen from Gleise's (1969) catalogue and found to have incipient or weak Ha emission. A log of the observations and pertinent stellar data is displayed in Table 1 . In this table, the quoted S/N values refer to the noise level per pixel in the continuum near the spectral feature listed. The spectra were obtained on the nights of 1987 Aug 8-10 using the RGO spectrograph mounted at the Cassegrain focus of the 3.9 m Anglo-Australian telescope. For Ha we used a redsensitive GEC CCD having 22 jun square pixels and 571 pixels along with direction of the dispersion. The detector was mounted on the 82 cm camera, and we employed a 1200 groove mm" 1 grating in second order mounted blaze to camera. This gave a reciprocal dispersion of 2.5 A mm" 1 which, combined with a slit width of 80 pm, yielded a spectral resolution of 0.15 A (7 km s' Table 1. image slicer we were able to extend the dynamic range of the IPCS (which has a count rate limit of 0.5 Hz pixel" 1 ) and hence ensure accurate spectrophotometric data. The spectrograph configuration gave a reciprocal dispersion of 10 A mm" 1 and a spectral resolution of 400 mA (30 km s" 1 ). Figure 1 shows that two of our stars, Gl 900 and Gl 907.1, exhibit an Ha line having weak emission peaks on either side of a central "absorption" feature whose central intensity lies just below that of the adjacent continuum. The separation of the peaks is about 1.5 A, with the profile of Gl 907.1 being a little wider than that of Gl 900. In both of these stars the Call intensity lies far above the level of the adjacent violet "continuum", while the He line lying just to the red of the Call H line is seen in emission with an intensity approaching that of the continuum.
Observations
The star Gl 867A is a spectroscopic binary, with both components having weak Ha emission. In both of the Ha lines in the spectrum of this system there is a central self-reversal, similer to that found in other, more active, dMe stars (Worden et al. 1979) . Note that the difference between the strength of the Call K line in the two components is much larger than the difference between the strengths of the H a emission lines (Call H in the less active component is evidently blended with the He emission of the more active). The H a line widths (FWHM) of the two features are about 1.5 A, while the Call K FWHM is possibly unresolved at about 800 m A . In our 4th star, Gl 735, the strength of the Ha and the Call line emission is close to that of the more active component of Gl 867A. However, no self-reversal is seen in the Ha emission feature, which exhibits a marked triangular character.
An intriguing aspect of our observations of Gl 907.1 is illustrated in Figure 2 Wavelength (Angstroms) Figure 3 -Profile scans of the spectrum of Gl 907.1 shown in Fig. 2(a) . Adjacent scans are displaced by 0.7 arcsec, corresponding to a distance of 14 AU at the star. The apparent spatial offset between the emission feature and the continuum is confirmed.
that the centroid of the self-reversed Ha line is displaced along the slit relative to the stellar photosphere. This impression confirmed by the profile scans shown in Figure 3 , which have extracted from adjacent spatial positions on the long-slit spectrum. Scan (A) covers the position which is brightest in the continuum, and exhibits an absorption feature at Ha. The other scans are displaced along the slit and exhibit Ha emission. Note also the existence of a central emission reversal in scan (B). The spatial separation of the spectra in Figure 3 corresponds to about 0.7 arc sec, or a distance of 14 AU at the star. Gl 907.1 has not been identified previously as a binary, and there is no evidence of binarity in this spectrum, either.
The significance of the Ha spectrum of Gl 907,1 is heightened by the Call H and K-line spectrum of the star Gl 890, obtained by RDR on 1984 Oct 08, as part of another observing program. Gl 890 has been identified as a single, rapidly rotating dM star having an emission equivalent width in Ha of about 2 A (Young et al. 1987) . However, as shown in Figure 2(b) , the Call spectrum suggests that the centroid of the emission line is displaced along the slit relative to the stellar photosphere, in a manner similar to that observed in the Ha line of Gl 907.1 (observations of Gl 890 made at other position angles do not reveal the presence of a displacement.) Note that the Ha spectrum of Gl 907.1 and the Call line spectrum of Gl 890 were Proc./*S/H8(2)1989 obtained using different detectors, both of which have been used in a large number of other observing programs on the AAT with no evidence of charge spreading or non-linearity that might account for these peculiar results. Both of the Spectra shown here were obtained under very good seeing conditions.
Discussion
The stars Gl 900 and Gl 907.1 have been discussed in some detail by Bopp (1987) , who identified them as members of a small class of "marginal BY Draconis" stars. Bopp's spectra of Ha in these objects (obtained about 2 years prior to our data) reveal doublepeaked structure quite similar to our spectra, although the peak height and trough depths appear to have changed a little in both objects. The shape of the Ha line is almost identical to the theoretical profile predicted by Cram and Mullan (1979, see curve 5 in their Figure 1) ; accordingly, we might conclude that these stars are covered by a rather uniform chromosphere having those delicately balanced non-LTE conditions required to form such a profile. However, it is also possible that an appropriate mixture of different surface patches producing either Ha emission or Ha absorption could produce this kind of profile. Should this indeed be the case, the fact that observations spanning many years reveal only small profile changes perhaps implies that the intrinisic profiles and their relative areas do not change markedly, and that their distribution may be rather symmetric in longitude.
Gl 900 and Gl 907.1 both possess very strong Call emission lines, with peak intensities far above the adjacent continuum. Indeed, Bopp (1987) was led to take Ha spectra of these stars because of their known strong Ca emission (Wilson and Woolley 1970) . Our Ca spectra provide the first quantitative estimates of the Call level which is associated with incipient Ha emission. Specifically, Ha emission appears to set in when the peak Ca flux rises to a level about 4 times that of the continuum flux maximum between the Call resonance lines. This corresponds to a stellar surface flux of about 0.2 W m" 2 s" 1 sr" 1 in the emission line. It is important to note that the He line in the red wing of Call H is seen strongly in emission in both stars. Since Ha in the same stars is only marginally in emission, it would be of obvious interest to observe many members of the Balmer series to establish how the relative emission strength changes. Inspection of Table 1 in Cram and Mullan (1979) shows that such data might be very useful in separating the effects of temperature and electron density in the chromospheres of these objects.
The detection of Ha emission apparently displaced from the stellar photosphere of Gl 907.1 raises a number of important questions. For example, the emission may indicate the presence of a companion having extremely strong Ha emission relative to a faint (and undetected) photospheric continuum. Binarity among chromospherically active dM stars is very common, and the available observations of Gl 907.1 can not rule out the possibility of a low-luminosity red companion. The apparent existence of a similar phenomenon in the Call line of Gl 890 lends support to the case that the observed displacement is not an artifact. Further studies of these two stars, using techniques such as direct imaging in Ha or in the infra-red continuum, photometry and spectroscopy should be undertaken, especially since the possible companions may be related to brown dwarfs (cf Forrest et al. 1988) .
The stars Gl 867A and Gl 735 exhibit Ha emission with an equivalent width of about 1 A. In the binary Gl 867A, both components have centrally reversed emission similar to that reported by Worden and Petersen (1976) . This feature has been explained as a non-LTE effect in the theory of Cram and Mullan (1979) . It is interesting to note that the ratio of Ha fluxes in the two components of Gl 867A is about 2:1, while the ratio in Call K (Call H is distorted by He) is about 7:2. The fluxes in the two kinds of chromospheric emission line do not vary in proportion to one another, although the ratios are consistent with the values calculated by Cram and Giampapa (1987) . It is likely that further observations of this type could be very useful in the development of semi-empirical chromospheric models.
Gl 735 appears to have many similarities to the notable dM star Gl 890 (Young et al. 1984) , in particular the existence of a "triangular" Ha line profile and evidence of weakening in the photospheric lines. Duquennoy and Mayor (1988) have presented convincing evidence that Gl 735 is an SB2 binary, a conclusion supported by the doubled-appearance of the photospheric lines X 6573 and X 6574 which are present in our spectra (but not shown in Figure 1 ). The peculiar shape of the Ha line may then reflect a blend of two complex emission lines, or even an emission line and an absorption line. The similarity between the Ha spectra of Gl 735 and Gl 890 may indicate that Gl 890 is also a binary, although Young et al. (1984) have argued that it is a single star. Herbst and Layden (1987) have indicated that Gl 890 is spectroscopic binary.
Conclusions
We have presented observations of optical chromospheric emission lines in 4 stars having Ha lines which place them intermediately between the non-(e) and (e) classifications of the dK/dM stars. There is considerable variety in the shapes of the Ha line, presumably due in part to differences in rotation rates. However, the triangular shape of the profile of Gl 735, reminiscent of that already reported for Gl 890, remains unexplained. As expected, the energy fluxes in the Call emission lines lie between those typical of non-(e) and (e) stars. There is some evidence (especially from the binary Gl 867A) that the energy fluxes in the Call and Ha emission lines do not vary according to a simple proportionality. An intriguing result which may have considerable significance in the development of a more complete interpretation of the intermediate stars is the apparent existence of spatially displaced chromospheric emission of Gl 907.1 and Gl 890.
